Abstract. Considering that the frequency band 77.5-78 GHz is allocated to the radio astronomy service on a secondary basis, and the World Radio communication Conference 2015 has allocated the frequency band 77.5-78 GHz to the radiolocation service for automotive radar applications on a primary basis. In this paper, the coexistence studies for the automotive radar with the radio astronomy service, is presented. The protection of the RAS may require additional measures in some countries, such as the definition of specific exclusion zones around RAS sites.
Introduction
There has been significant growth in the use of automobile radar systems, and these systems are expected to become relatively commonplace within a few years because of consumer demand for increased vehicle safety. Studies have shown that the use of collision avoidance technology can prevent or lessen the severity of a significant number of traffic accidents. In certain parts of the world, automotive radars have successfully operated in this portion of the spectrum, particularly the frequency band 76-77 GHz, for many years without mitigation methods or deactivation methods and without increased reports of interference to other services.
Radio astronomy observed the very weak radio signals from space, which is easily interfered from active services.In 76-81GHz band, since the emission of automotive radar is overlapped with radio astronomy observations, when the car is driving in the vicinity of the radio astronomy telescope, it will cause interference on the normal operation of the telescope.
In recent years, radio astronomy service(RAS) in China has been developed rapidly. The largest radio telescope in Asia, the 65 meter radio telescope at Shanghai has been planned to observe at frequency band 65-95 GHz. Moreover, the proposed Qitai 110 meter radio telescope in Xinjiang province also plans to work at the frequency band 76-81 GHz. The observations at these bands will provide important information to study the properties of the cosmic molecules, the stellar evolution and astrochemistry.
The recently held World Radio communication Conference 2015(WRC-15), determined to add a primary allocation to the radiolocation service for automotive radar applications in the frequency band 77.5-78.0 GHz. Administrations are urged to take all practicable steps to protect the RAS from harmful interference, in making assignments to stations of services other than radio astronomy to which the frequency band 76-86GHz is allocated.
It is addressed our study of co-existence between automotive Short Range Radar (SRR) and the RAS in the frequency band 77.5-78 GHz.
Frequency Allocations
The incumbent services in the frequency band are amateur service (ARS) , amateur satellite service (ARSS) (primary), radio astronomy service (RAS) and space research service (SRS) (secondary). Automotive radars, operating in the frequency range 77.5-78 GHz, were taken as the representative of radiolocation service (RLS) for the purpose of the studies. Existing allocations in the frequency band 77.5-78GHz.
5.149
In making assignments to stations of other services to which the band 76-86 GHz (see Editor's Note below) are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful interference. Emissions from space borne or airborne stations can be particularly serious sources of interference to the radio astronomy service (see Nos. 4.5 and 4.6 and Article 29).
Editor Note: Footnote 5.149 refers to several frequency bands, not reported in this text, among which there is the band 76-86 GHz.
System Modeling
Report ITU-R SM.2057 and ECC Report 56 considered sharing studies between automotive short range devices and RAS. These existing reports conclude that the coexistence of automotive SRR with -3 dBm/MHz e.i.r.p. and RAS stations is feasible provided that mitigation techniques (such as e.i.r.p. limitations) or protection distances from RAS station are applied.
Systems characteristics of automotive radars, used in the sharing studies, are based on the ITU-R Recommendations [2] and Reports. With the input parameters given in Table 2 , a calculation was carried out for the necessary separation distances to protect RAS as function of the density of transmitting SRR devices. The allocation of 77.5-78GHz to the SRR will overlap with the secondary allocation to RAS .Thus, sharing study have to be carried out. And we put coexistence scenario in this part.
The following ITU-R Recommendations provide characteristics of radio astronomy stations and were taken into account in sharing studies:
The protection criteria described in ITU-R Recommendation [3] are referred to a gain of 0 dBi in all cases, thereby eliminating dependencies on such properties of individual telescopes as their size and instantaneous orientation.
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The number of rings taken into account in the calculation is determined by using the relevant algorithm from ITU-R Recommendation [4] , and covers an area with a radius of up to the minimum separation distance + 500 km.
The propagation model is based on Recommendation ITU-R P.526 and ITU-R P.620, in which diffraction loss of smooth spherical earth and attenuation of radio waves in atmosphere are considered. Other factors such as terrain shielding and car shielding are not considered. 
Result and Analysis
In the simulation, we calculated in the sight of the most strict situation, and the results of the calculations are given in Fig.3 as the protection distance. The study result is similar with that of Report ITU-R M.2322, and the separation distance from RAS could reach 32-42 km for Radar B. Separation distances necessary to protect RAS vs. density of transmitting SRR devices.
Radars will be normally mounted at 30 to 50 cm above the ground level. It is therefore very likely that the area in line of sight with the RAS system will be limited by the obstacles in the proximity of the vehicle or by surrounding terrain relief when the radars are used in crowded areas, or in wetter radioastronomy observatory max 500km separation distance climates or near sea level. For instance, in the millimetre wave region absorption by vegetation is important, when vegetation is abundant, and a small wood will likely act mostly as a diffracting obstacle. In other words, terrain clutter (vegetation, micro-scale terrain irregularities and human artefacts like fences) will contribute to reduce the actual interference potential of SRR toward RAS station sites when it actually exists. As the mitigation factors mentioned above are out of our consideration, the calculated protection distance is more or less broader. To avoid potential harmful interference from automotive radar devices, appropriate separation distance from RAS should be determined. If no mitigation techniques applied (such as terrain shielding and e.i.r.p. limitations, etc.), the required separation distance between the automotive radar and RAS might be no less than 30km, under visual range conditions. Accurate protecting distance is based on the future study.
Summary
The development of automotive radar in 76-81 GHz band will greatly improve road safety, and at the same time we attach importance to the protection of the existing and proposed RAS in these bands. Based on preliminary studies, we believe that appropriate mitigation techniques should be applied in the protection of RAS.
